Although many cells contain large amounts of InsP6, its metabolism and function is still largely unknown. In Dictyostelium lysates, the formation of InsPJ by sequential phosphorylation of inositol via Ins(3,4,6)P3 has been described [Stevens and Irvine (1990) 
INTRODUCTION
The inositol cycle plays a central role in signal-transduction pathways in many organisms. The key enzyme phospholipase C, activated on receptor stimulation, cleaves PtdIns(4,5)P2 producing two second messengers: diacylglycerol and Ins(1,4,5)P3 [1] . Ins (1, 4, 5) P3 is metabolized via extended phosphorylation and dephosphorylation reactions [2, 3] . A broad spectrum of inositol phosphates has been characterized in many systems including amoebae [4] , algae [5] , plants (6] and a variety of cultured mammalian cells [7, 8] . The function and metabolism of these inositol phosphate isomers is understood to some extent. The second messengers Ins(1,4,5)P3 and Ins (1, 3, 4, 5) P4 are involved in Ca2+ regulation in many systems [9] [10] [11] . Ins (1, 3, 4, 5, 6 )PJ is involved in the regulation of the affinity of oxygen for avian haemoglobin [12] , and InsP, is thought to serve as a phosphate buffer in plants [13] . Ins (1, 3, 4, 5, 6 )P5 and InsPJ may also serve as neurotransmitters [14] . Recently an InsP6-binding protein has been isolated and recognized as the AP2 clathrin-assembly protein [15] .
The recent characterization of a new class of inositol phosphates, the inositol polyphosphate pyrophosphates, shows that InsPJ is not a metabolic end point [16] . Evidence for the existence of InsP, and InsPJ arose from the detection of 3H-labelled compounds more polar that InsP6, which were formed in Dictyostelium cells labelled with [3H]inositol in vivo [17] . After structural analysis, these compounds were identified as D/L-1-diphosphoinositol pentakisphosphate and D/L-bis-(1,4)-diphosphoinositol tetrakisphosphate [16] . These compounds (also detected in mammalian cell types [18] [19] [20] ) contain highenergy phosphates and have a high metabolic turnover. This feature might allow them to play a role in energy metabolism or regulation of cellular processes by substrate phosphorylation.
Although in Dictyostelium InsP6 is present at high concentration (about 0.6 mM [21] ), no function has been attributed to it yet. A route for InsP6 formation via stepwise phosphorylation of myo-inositol in Dictyostelium has been described by Stephens and Irvine [22] . They excluded Ins (1, 4, 5) P3 as a direct precursor in the InsP6 synthesis. We suggesting the absence of Ins (1, 4, 5) P3 kinase activity in Dictyostelium lysates [23] and Ins(l,3,4,5,6)PJ. This enzymic conversion was observed in a preparation of broken nuclei, whereas the formation of InsP6 from inositol was detected only in the soluble fraction of a cell lysate.
We conclude that Dictyostelium cells have two metabolic routes to InsP6: a cytosolic route in which inositol is phosphorylated stepwise as described by Stephens and Irvine [22] , and a nucleus-associated route involving Ptdlns turnover. [3H]InsPJ as described in the preceding paper [30] . The samples were analysed using a Zorbax HPLC column eluted with gradient B (see under 'HPLC analysis'). Fractions of 20 s were collected and 4 ml of emulsifier 299 was added. Radioactivity was determined with a dual-label counting program and using a quench-correction curve.
MATERIALS AND METHODS Materials

HPLC analysis
The Zorbax HPLC column was eluted with gradients consisting of water in pump A and 1.2 M ammonium phosphate, pH 3.7, in pump B at a flow rate of 1.5 ml/min; fractions of 20 s were collected. Linear gradients were generated between the following break points: gradient A: 0 min 0 % B; 5 
RESULTS
InsP formation in vitro from inositol and Ins(1,4,5)P3 in the cytosol and nucleus-associated fraction Dictyostelium cells were lysed by passage through a Nuclepore filter of pore size 3,um (which is smaller than cells but larger than the nucleus). The lysate was centrifuged at low speed to labelled cells and the addition of HC104 was about 9min. (Figure 2a) . The rate of 32P incorporation at the y-position of ATP follows the same kinetics. Together with the observation that 38 % of the label in ATP is at the y-position, irrespective of the labelling period, this indicates that intracellular P1 is in rapid equilibrium with ATP. This notion is consistent with the reported turnover time of ATP of only a few seconds.in Dictyostelium [32] .
In contrast with the rapid equilibrium between P1 and ATP, [4] ), and 0.9 mM ATP (enzyme assay [32] )}. Even if all 32p label in InsPF is located on only one position, the specific radioactivity of that position is still much lower than that in [y-32P]ATP, indicating that no position in InsP. can be in rapid equilibrium with ATP. We conclude that there is no evidence for futile dephosphorylation/ phosphorylation cycles in vivo on a minute time scale.
To obtain an estimate of the rate of phosphate incorporation into InsP., the labelling of InsP. is presented as the specific radioactivity averaged over the six phosphate positions ( Figure   2a ). After 60 mmn ATP labelling has reached equilibrium, whereas incorporation of label into InsP¾ is still increasing. After 120 mmn of labelling, the mean specific radioactivity of InsP¾ is about 40% of the specific radioactivity at the y-position of ATP, suggesting (Figure 3) . The 32P/3H ratios of the inositol phosphates were calculated and divided by that of InsP6.
The decrease in this ratio from 1.00 in InsJ¾ to 0.73+0.03 in
InsJ5 represents the fraction of 32P label at the 6-position ( Figure   2b ). [24, 25] . These combined experiments strongly suggest that, in cells, at least part of InsP6 is formed from Ins(1,4,5)P3.
Dictyostelium nuclei contain several enzymes that are involved in inositol phosphate metabolism, as well as many inositol phosphates. The spectrum of [3H]inositol phosphates isolated from the nucleus or the cytosol of [3H]inositol-labelled cells is very similar. Moreover, inositol phospholipid turnover and degradation of Ins(1,4,5)P3 to inositol do occur in the nuclei (J. Van der Kaay, H. Sipma, A. A. Bominaar and P. J. M. Van Haastert, unpublished work), suggesting that nuclei may have a complete inositol cycle. Several recent reports of enzymes and enzyme activities in preparations of nuclei suggest the existence of a nuclear inositol cycle in different organisms. Phospholipase C, Ptdlns kinases, protein kinase C isoforms and diacylglycerol kinase have been shown to be present in nuclei of rat liver cells and mouse NIH 3T3 fibroblasts [34] [35] [36] . Maliviya et al. [37] have reported Ins(1,4,5)P3-mediated Ca2+ release from isolated purified rat liver nuclei, which have specific high-affinity binding sites for Ins (1, 4, 5) P3. Besides Ca2+ regulation, a nuclear inositol cycle might also contribute via the diacylglycerol/protein kinase C pathway to nuclear processes such as phosphorylation of transcription factors [38] . Together with InsP6 formation, the nucleus of Dictyostelium may have a specialized function in inositol phosphate metabolism.
